Studies conducted on children and adolescents reported that 2% 7 to 37% 8 of individuals had sustained a TDI more than once. In relation to the recurrence of TDI, Verzak et al 9 showed that psychosocial variables did not differentiate between individuals with no experience of dental trauma, with experience of one dental trauma, or with repeated dental trauma. Cecconello and Traebert 10 reported that having increased incisal overjet and inadequate lip coverage was not considered to be risk factors for a new TDI. Chen et al 11 examined the prevalence and incidence of incisor trauma in a randomized clinical trial that divided the participants into three groups-headgear or biteplane, bionator, and observation (no treatment)-and concluded that early orthodontic treatment did not affect the incidence of incisor injury. These findings suggest that risk factors for the occurrence of TDI are not related to the recurrence of TDI. So, it seems that changes, or not, in the environmental or physical circumstances of the child will not change the risk of TDI, and recurrent events are likely.
Knowing that the factors related to the causes of TDI are complex and influenced by many variables, 12 and that recurrence is high 13 and can negatively affect the prognostic of the teeth, 14 determining possible predictor factors associated with TDI is crucial in order to help identify children at greater risk of suffering such injury. In this context, the aim of this systematic review and meta-analysis was to verify the scientific evidence concerning previous dental trauma as a risk factor for new TDI among children and adolescents.
| MATERIAL S AND ME THODS
This systematic review was registered in the PROSPERO database (PROSPERO registry number CRD42017061040) and was undertaken in accordance with the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses. 15 Four electronic databases were searched up to June 2017:
PubMed, Scopus, Lilacs/BBO, and Web of Science. The gray literature (OpenGrey) was also searched. The search strategy used MeSH terms and synonyms in order not to impose any restrictions and to maximize the search for articles in this research phase ( Table 1 ). The search strategy was guided by an expert librarian (D.M.) and adapted for each database, with no language or date restrictions. A manual search was also performed, and the reference lists of selected articles were used for obtaining additional relevant publications that could have been missed during the database searches. Articles available in more than one database were considered only once. Alerts containing the search strategy were created in the databases.
Based on the PICO/PECO criteria, observational studies that included children or adolescents (P) with prior exposure to some TDI (E) compared to those without prior exposure to TDI (C) to determine the association between previous TDI and new episodes of TDI (recurrence or first episodes) (O) were included. To identify this association, the included studies had to present statistical analyses, including odds ratio (OR), relative risk (RR), prevalence ratio, or be studies that reported frequency of events, and the total number of children per group. Literature reviews, letters to the editor, case reports or case series, studies only with prevalence results, outcomes other than TDI, and studies of quality of life were excluded.
Two reviewers (M.B.M. and A.B.N.) performed the search strategy, in order to identify eligible studies and independently evaluate the titles and abstracts of all studies identified from the electronic databases. Full-text copies were retrieved from studies that met the inclusion criteria, or for which there were insufficient data in the title and abstract to make a clear decision. These copies were assessed independently. Any disagreements on the eligibility of included studies, at any point in the process, were resolved through consensus or through discussion with a third reviewer (L.C.M.).
Details of the study (author(s), year of publication, country, and study design), details of participants (age, number of participants in case and control groups, and source of sample), study methods (evaluation criteria and follow-up period), and results (prevalence at baseline, new episodes of TDI-recurrence or first episodes-and P value)
were extracted and tabulated by two reviewers (M.B.M. and A.B.N.).
If some information was not clear in the study text, the author was contacted, by e-mail or LinkedIn, to clarify. If, after the contact attempt, there was no response from the author, the study was not included in the meta-analysis.
Regarding concerns about any risk of bias (quality assessment analysis), the article data, concerning methods, participants, and results, were evaluated, extracted, and judged. If relevant data were missing, the authors of the articles were contacted for additional information. Three contacts were made to clarify any doubts.
Quality assessment and risk of bias were applied, according to the guidelines described by Fowkes and Fulton. 16 This quality assessment can be applied to cross-sectional and case-control studies, and cohort and controlled trials, and included questions about study design, study samples, control groups, the quality of measurements and outcomes, completeness, and distorting influences. For each included study, the analyzed criteria assigned were major problems (++), minor problems (+), or no problems (0), in terms of their expected effect on the results. If the question was not applicable, "NA" was written.
The evaluation of each topic of the checklist was standardized by the evaluators. In "Source of sample," major problem (++) was assigned if the group of participants was not representative of the group from which this systematic review was drawn. In "Sampling method," minor problem (+) was assigned when no person, or local randomization, was related. In "Sample size," minor problem (+) was assigned when a representative sample, or the sample size calculation of the population, was not clear, and major problem (++) was assigned when, despite a representative sample being reported, it was not based on the general population age. In "Matching/random- " ) OR TITLE-ABS-KEY ("factor related") OR TITLE-ABS-KEY ("factors related") OR TITLE-ABS-KEY ("odds ratio") OR TITLE-ABS-KEY ("relative odds") OR TITLE-ABS-KEY (probability)) OR TITLE-ABS-KEY (probabilities) OR TITLE-ABS-KEY (prevalence) OR TITLE-ABS-KEY (prevalences)) AND (TITLE-ABS-KEY ("tooth avulsion") OR TITLE-ABS-KEY ("tooth injuries") OR TITLE-ABS-KEY ("tooth injury") OR TITLE-ABS-KEY ("tooth movement") OR TITLE-ABS-KEY ("tooth fracture") OR TITLE-ABS-KEY ("tooth fractures") OR TITLE-ABS-KEY ("teeth injury") OR TITLE-ABS-KEY ("teeth injuries") OR TITLE-ABS-KEY ("dental injury") OR TITLE-ABS-KEY ("dental injuries") OR TITLE-ABS-KEY ("dental trauma") OR TITLE-ABS-KEY ("traumatic injury") OR TITLE-ABS-KEY ("traumatic injuries") OR TITLE-ABS-KEY ("teeth avulsion") OR TITLE-ABS-KEY (Exarticulation) OR TITLE-ABS-KEY ("dental dislocation") OR TITLE-ABS-KEY ("teeth extrusion") OR TITLE-ABS-KEY ("lateral luxation") OR TITLE-ABS-KEY ("crown fracture") OR TITLE-ABS-KEY ("crown fractures") OR TITLE-ABS-KEY ("root fracture") OR TITLE-ABS-KEY ("root fractures")) AND (LIMIT-TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, "re")) AND (LIMIT-TO (SUBJAREA, "DENT"))
Web of Science
Tópico: (((((((((((((((((((((("Tooth Injuries" OR "Tooth Avulsion") OR "Tooth Movement") OR "Tooth Fracture") OR "tooth fractures") OR "Teeth injury") OR "teeth injuries") OR "dental injury") OR "dental injuries") OR "dental trauma") OR "traumatic injury") OR "traumatic injuries") OR "Teeth avulsion") OR Exarticulation) OR "Dental dislocation") OR "teeth extrusion") OR "lateral luxation") OR "crown fractur") OR "crown fractures") OR "root fracture") OR "root fractures"))) AND Tópico: ((((((((((((((Recurrence OR Predict) OR Incidence) OR "Risk Factor") OR "Risk Factors") OR "factor related") OR "factors related") OR "Odds ratio") OR "Relative odds") OR Probability) OR Probabilities) OR Prevalence) OR prevalence))) Cochrane #1 MeSH descriptor: [Tooth Injuries] explode all trees 250 #2 "Tooth Injury" or "tooth injuries" or "dental injury" or "dental injuries" or "dental trauma" or "traumatic injury" or "traumatic injuries" 475 #3 #1 or #2 678 #4 "Tooth avulsion" 27 #5 "tooth movement" 444 #6 MeSH descriptor: [Tooth Fractures] explode all trees 192 #7 "Tooth Fracture" or "Tooth Fractures" or "crown fracture" or "crown fractures" or "root fracture" or "root fractures" 294 #8 #6 or #7 298 #9 Exarticulation 1 #10 "Dental dislocation" 0 #11 "teeth extrusion" 0 #12 "lateral luxation" 2 #13 #3 or #4 or #5 or #8 or #9 or #10 or #11 or #12 1217 #14 For "Blindness," a minor problem (+) was assigned if the second evaluator was not blinded to the previous trauma. Since the lack of evaluator blindness is not a major problem for the trauma diagnosis, (++) was not considered for this topic. For "Quality control," it was considered to be a minor problem (+) if the study reported training and calibration of the evaluators, but Kappa values were not reported, and it was considered a major problem (++) if no training or calibration were reported. For "Compliance" and "Dropouts," it was a minor problem (+) if the number of dropouts was higher than 30%, but justified, and a major problem (++) if the number of dropouts was higher than 30%, but not justified. The quality of the evidence (certainty in the estimates of effect) was determined for the outcome using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) approach, 17 where observational studies start as low evidence, and the quality of, or certainty in, the body of evidence decreases to very low quality, if serious or very serious issues, related to risk of bias, inconsistency, indirectness, imprecision, and publication bias, are present. In addition, the quality of the evidence can be upgraded if the magnitude of effect is large or very large, a doseresponse was showed, or if the effect of all plausible confounding factors would be to reduce the effect, or suggest a spurious effect.
In this way, the quality of the evidence can vary from very low to The meta-analysis was performed using Review Manager software 5.3, in order to assess the relationship between previous TDI and new episodes of TDI. A sub-group analysis was performed, with a subset of studies involving trauma in the deciduous dentition, and another of studies involving the permanent dentition.
Only the studies with methodological soundness were included in the meta-analysis. As the purpose of this meta-analysis was to evaluate the presence of previous TDI as a risk factor to have a new TDI, the incidence of subjects that suffered dental trauma, with and without previous TDI, was extracted to calculate the crude risk ratio (RR) of each study. If confounding factors were present, the adjusted RRs were combined to measure effect as a log RR and the standard error of the log RR using generic inverse-variance weighting method in another meta-analysis. The polled RR was calculated, a randomeffect model was used, and heterogeneity was assessed, using the I 2 index. A sensitivity analysis was conducted, in order to estimate and verify the influence of the studies, one by one, on the pooled result. 18 
| RE SULTS
A high number (n = 9278) of potentially relevant articles were initially retrieved from the databases, and 2487 of these were excluded because they were duplicates. After application of the eligibility criteria, a large number of studies (n = 6768) were excluded, and only 23 full texts were read. Of these, 16 papers were excluded because of overlap (1), absence of a control group (4), not related to oral injury (2), or they presented only the overall population TDI incidence, without sub-groups indicating whether there had been previous TDI episodes or not (11) . Thus, only five studies 13, [19] [20] [21] [22] met the inclusion criteria and were selected for quality assessment and risk of bias, and only four of these were included in the quantitative synthesis.
No articles were found by manual searching. Figure 1 summarizes the study selection process.
All included studies were of prospective observational design.
From these, one was conducted in India, 19 three in Brazil, 13, 20, 21 and Lilacs/ BBO (mh:(Tooth Injuries)) OR (mh:(Tooth Movement)) OR (tw:("Tooth Injuries" OR "Tooth Avulsion" OR "Tooth Movement" OR Tooth Fractur$ OR Teeth injur$ OR dental injur$ OR "dental trauma" OR traumatic injur$ OR "Teeth avulsion" OR Exarticulation OR "Dental dislocation" OR "teeth extrusion" OR "lateral luxation" OR crown fractur$ OR root fractur$)) OR (tw:("injuria dental" OR "avulsão dental" OR "movimentação dental" OR "fratura dental" OR "injurias dentais" OR "trauma dental" OR "injurias traumaticas" OR "deslocamento dental" OR extrusão dental" OR luxação lateral" OR "fratura coronária" OR "fratura radicular" OR exarticulação)) AND (mh:(Incidence)) OR (mh:(Probability)) OR (mh:(Prevalence)) OR (tw:(Recurrence OR Predict OR Incidence OR Risk Factor$ OR "factor related" OR "factors related" OR "Odds ratio" OR "Relative odds" OR Probabilit$ OR Prevalenc$)) OR (tw:(Recorrência OR prever OR previs$ OR incidência OR "fator de risco" OR "fatores de risco" OR "fator relacionado" OR "fatores relacionados" OR "razão de chance" OR "chance relativa" OR "probabilidade relativa" OR probabilidade$ OR prevalência$)) OpenGrey ("Tooth Injuries" OR "Tooth Avulsion" OR "Tooth Movement" OR "Tooth Fracture" OR "tooth fractures" OR "Teeth injury" OR "teeth injuries" OR "dental injury" OR "dental injuries" OR "dental trauma" OR "traumatic injury" OR "traumatic injuries" OR "Teeth avulsion" OR Exarticulation OR "Dental dislocation" OR "teeth extrusion" OR "lateral luxation" OR "crown fractur" OR "crown fractures" OR "root fracture" OR "root fractures") AND (Recurrence OR Predict OR Incidence OR "Risk Factor" OR "Risk Factors" OR "factor related" OR "factors related" OR "Odds ratio" OR "Relative odds" OR Probability OR Probabilities OR Prevalence OR prevalence)
TA B L E 1 (Continued) one in Greece. 22 Ages of the included participants ranged from one to 13 years old, and the locales for the data collection were schools [19] [20] [21] and vaccination campaigns. 13 Venderas and Papagiannoullis 22 did not report the locale of their data collection.
Dental injuries were assessed according to Andreasen's criteria in four studies. In one of them, Andreasen's criteria were adopted without any modification; 20 in two of them, Andreasen's criteria were applied to evaluate only crown fractures; 13, 19 and in the other study, Andreasen's criteria were applied with a criterion for soft injuries. 22 The fifth study by Ramos-Jorge et al 21 classified TDI according to the Children's Dental Health Survey of the UK. A total of 397 children and adolescents were included in the case group (with previous TDI). New episodes of TDI (recurrence or first episode) in this group ranged from 11.9% to 64.6%, while 977 children and adolescents were included in the control group (without previous TDI),
and new episodes of TDI in this group ranged from 2.7% to 51.2%.
The follow-up period ranged from 1 to 3 years. A higher incidence of new episodes of TDI was observed in the study that included a lower age range (1-4 years) and evaluated only a crown fracture as a TDI. 13 All of the articles found statistical significance between the occurrence of previous dental trauma and new episodes of TDI. Table 2 presents the data extracted from the five included studies.
Regarding concerns of any risk of bias (quality assessment), for a representative sample, Basha et al 19 Goettems et al., 20 Ramos-Jorge The present prospective study showed a high incidence of dent facial injuries in children. The highest incidence was recorded for dental injuries followed by facial injuries, historical evidence of injuries, and dental and facial injuries."
FP, First phase; SP, second phase; NR, not reported. reported that the examiners were trained and/or calibrated, but no Kappa values were reported. This was considered to be a minor problem.
TA B L E 3 Quality assessment according to Folks and Fulton
With respect to the control group and confounding factors, the studies of Basha et al 19 Correa-Faria et al 13 and Goettems et al 20 did not present control or case groups paired for overjet of >3 mm, or for lip coverage, which was considered to be a major problem.
Despite this, a statistical analysis was performed by them to determine the effects of these confounding variables on the risk of children with previous dental trauma experiencing new cases of TDI.
The Vanderas and Papagiannoullis 22 study groups were not paired for these factors, and the statistical analysis did not consider this.
For this reason, that study was classified as a major problem in the control group and confounding factors.
As the outcomes of the Correa-Faria et al 13 Total number lower than 300 and the 95% CI overlaps no effect (CI includes RR of 1.0).
considered a minor problem for Basha et al 19 where the outcome was related to obesity. In view of the careful statistical analysis, this was not considered to be a major problem for the summary question related to confounding factors. Although Vanderas and Papagiannoullis 22 met the eligibility criteria, they did not provide sufficient data about the outcome and for this reason that was classified as a major problem.
Although some minor and major problems were identified, most of the studies were assessed as having high methodological quality. 13, [19] [20] [21] Only one study was considered as having "Any serious confounding or other distorting influences." 22 Table 3 
13,19-21
Only one study 13 In the pooled results, the heterogeneity was substantial (I 2 = 83%). During sensitivity analysis, the heterogeneity range from 37% to 89%. Regardless of the value of heterogeneity, the overall effect remained unchanged, showing that the result of this metaanalysis is real. The authors decided to remain with the analysis including all possible studies and random-effects models were employed. The pooled meta-analysis comprised a total of 1374 children, 397 with a previous history of TDI and 977 without. Of the children that had previous trauma, 106 (26.7%) presented new cases of dental trauma, while 128 (13.1%) children that had not previously suffered dental trauma presented a first case of this type of injury. The overall new episodes of TDI (recurrence or first episodes) were 17.03%.
Children that had suffered some type of TDI had more than twice the chance of having another case of TDI (RR 2.17 [1.20; 3 .90], P = 0.01, I 2 = 83%) (Figure 2 ) than children that had not previously had a TDI.
Sensitivity analysis showed that the omission of any study would not modify the association between previous TDI and new episodes of TDI. No funnel plot was generated, since only four studies were included. 18 Three of the four studies included in the meta-analysis provided adjusted odds ratio (OR), instead of adjusted RR data. Since OR is not suitable for risk evaluation, a meta-analysis with adjusted effect was not possible.
The four studies included in the meta-analysis were used with the GRADE approach. 13, [19] [20] [21] A moderate quality of evidence for the outcome of new episodes of TDI without previous TDI, compared to a previous history of TDI, was found for the pooled results since the magnitude of the effect was considered to be large (RR > 2 or <0.5, based on consistent evidence from at least two studies, with no plausible confounders), and one point was upgraded. In the "deciduous dentition" sub-group GRADE, for "Imprecision," Cochrane 17 considered a total number of events of less than 300 to be very low for dichotomous outcomes and, besides that, the 95% CI overlaps had no effect (CI includes RR of 1.0), and for these reasons, two points were downgraded (considered "some imprecision") in this sub-group analysis. In the "permanent dentition" sub-group GRADE, the magnitude of the effect was considered to be large and one point was upgraded, so this sub-group evidence remained at three points, with a moderate quality level. The quality of evidence is described in Table 4 . 
Summary of findings

| D ISCUSS I ON
Dental trauma is considered to be a major health problem because it affects a large number of people, with higher prevalence rates among children and adolescents. 1, 23 Although there are a lot of studies concerning the risk factors associated with TDI episodes, the literature has gaps regarding the identification of predictor factors and the recurrence of TDI, and, as such, most of the investigations offer a cumulative incidence of data on dental trauma. 10, 11 The goal of a systematic review is to provide the best available evidence, given a specific research question, since pooled analysis of the results of all relevant studies can provide a more precise conclusion than one derived from a single study alone. 24 Meta-analysis is a statistical method used for summarizing the results of independent studies included in a systematic review. 18 In order to fill Analyzing the details of the included studies, and conducting a critical appraisal of the research, is an important step in a systematic review, in order to discover whether the methods and results of the research are sufficiently valid to produce useful information. 24 Fowkes and Fulton 16 contain guidelines that provide a standardized approach to quality assessment in cross-sectional, case-control, and cohort studies. This tool has been efficiently used in dentistry systematic reviews. 25, 26 All studies included in this meta-analysis received a "no problem" classification in the summary questions related to presence of bias, confounding factors, and results occurred by chance, showing their good methodological quality. Besides that, the evidence was classified as moderate, which means that the true effect is likely to be close to the estimate of the effect. 17 An important point is that this systematic review and metaanalysis include only cohort studies. This type of primary study design has the benefit of controlling the dental records for TDI methodological development, permits the calculation of incidence rates (absolute risk), as well as relative risk, and provides a clear temporal sequence of exposure and disease, when compared to retrospective or cross-sectional studies. 27, 28 Besides that, all studies included in this review involve trained and/or calibrated examiners, by way of demonstrating the good methodological quality of the included studies.
Three of the four studies included in this meta-analysis were conducted in Brazil. Although this was a limitation of this review, 21 ). This is perhaps explained by individuals in this age range (0-3 years) still being in the motor development phase, thus presenting a higher number of cases of collisions and falls. 29 Besides that, the heads of the children are relatively larger than the children's bodies, due to the rapid growth of the brain, resulting in a greater number of injuries to the craniofacial skeleton. 30, 31 It is important to highlight that no study was conducted in a dental clinical situation. All of them were conducted in schools or vaccination clinics. Because of this, only a clinical evaluation could be performed, without radiographic analysis. Only two studies reported crown discoloration, 20,21 loss of teeth due to trauma, 21 and fistula as a sequel to dental trauma. 20 This may represent under-diagnosis, since traumatic dental injuries, based on both clinical and radiographic evidence, are more obvious than when based on clinical examination alone. 32 As a result, root fractures, alveolar fractures and luxation without clinical sequelae were not considered. A limitation of the present study was the impossibility of performing a meta-analysis of adjusted risk ratio, since only data of adjusted odds ratio were present in most of the included studies. In this sense, studies with statistical adjustments considering increased overjet and absence of lip coverage and their effect in the incidence of TDI are encouraged in the future.
The results of this meta-analysis contribute to creating a trauma risk profile of an individual. 21 The presence of some dental trauma, or sequel, during a clinical examination should serve as a clinical and relevant alert to the need to identify possible anatomical, physical, behavioral, environmental, and health-related factors that can predispose children to TDI. Therefore, a detailed patient history and clinical oral examination are very important in identifying and preventing/treating TDI.
Based on the results of this systematic review and metaanalysis, it can be concluded that there is evidence of an association between previous dental trauma and the recurrence of TDI. Individuals that have suffered previous TDI present more of a chance of suffering new episodes of TDI, supporting previous research that suggested that certain children may be accidentprone. 21 This conclusion should guide public health authorities, and clinicians must consider a preventive, individualized treatment plan for children and adolescents that present any TDI, in order to avoid new episodes of TDI.
| CON CLUS IONS
A history of TDI increases the risk of new episodes of TDI. When dental trauma appears in the dental office, preventive measures must be adopted in order to avoid new cases of TDI, thereby avoiding greater consequences for children and adolescents. 
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